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Abstract 

This  report  describes  a  finite  element  stress  analysis  of  the  Canadian  Patrol  Frigate  when  it 
was  subjected  to  a  hogging  load  from  an  eight  meter  wave.  The  analysis  was  conducted  using 
the  program  MAESTRO/DSA.  Initially  the  analysis  was  performed  on  a  global  MAESTRO 
model  of  the  entire  ship  and  a  region  of  high  stress  was  identified.  The  region  was  refined 
using  the  DSA  (Detail  Stress  Analysis)  portion  of  the  program  and  a  top-down  analysis  was 
carried  out  by  applying  the  displacements  from  the  MAESTRO  analysis.  They  were  applied 
to  the  corresponding  nodes  of  the  refined  portion  of  the  MAESTRO  model  and  detail  stresses 
were  obtained  which  were  found  to  be  higher  than  those  obtained  from  the  global  MAESTRO 
analysis.  A  second  refinement  of  the  high  stress  region  was  carried  out  which  covered  a  larger 
portion  of  the  structure.  The  model  was  created  externally  using  the  program  HYPERMESH. 
This  larger  refined  portion  was  also  subjected  to  a  top-down  analysis  and  stresses  were  obtained. 
The  results  of  the  three  analyses  are  compared. 


Resume 

Le  present  rapport  decrit  une  analyse  de  contraintes  par  elements  finis  de  la  fregate  canadienne 
de  patrouille  soumise  a  une  charge  d’arc  par  une  mer  de  huit  metres.  L’analyse  a  ete  effectuee 
en  utilisant  le  programme  MAESTRO/DSA.  Elle  a  ete  effectuee  initialement  sur  un  modele 
MAESTRO  du  navire  au  complet,  ce  qui  a  permis  d’identifier  une  region  de  contraintes  elevees. 
La  region  a  ete.  affinee  A  l’aide  de  la  partie  DSA  du  programme  et  on  a  effectue  une  analyse 
descendante  en  appliquant  les  deplacements  D  partir  de  l’analyse  MAESTRO.  Hs  ont  ete  ap¬ 
pliques  par  les  noeuds  correspondants  de  la  partie  affinee  du  modele  MAESTRO  et  on  a  obtenu 
des  contraintes  qui  se  sont  averees  superieures  a  celles  obtenues  par  l’analyse  MAESTRO.  On  a 
effectue  un  deuxieme  aflinage  de  la  region  des  contraintes  elevees,  mais  il  couvrait  une  portion 
plus  grande  du  modele  et  a  ete  effectue  exterieurement  par  le  programme  HYPERMESH.  Cette 
partie  affinee  plus  grande  a  aussi  ete  soumise  a  une  analyse  descendante  et  on  a  obtenu  des 
contraintes.  Les  resultats  de  ces  analyses  sont  compares. 
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1  Introduction 


A  stress  analysis  of  the  Halifax  Class  Frigate  was  carried  out  to  determine  the  region  of 
ighest  stress  in  the  main  deck  and  superstructure  when  the  ship  was  subjected  to  a  static 
wave-mduced  hogging  load  condition.  The  structural  model  was  a  finite  element  model  of  the 

sub j'ectedtoT  MAESTRO  ^  t  strurtural  analysis  program  MAESTR0[1].  It  was 

subjected  to  a  MAESTRO  analysis  and  the  region  of  highest  stress  was  identified.  The  region 

“y  ,  Tg  MAESTR°/DSA[2]  which  is  a  detailed  stress  analysis  program  2g 
Su ^t^:LtiESTROma,  The  PrOCedUie  r  that  °f  a  ^P-down^nU  whereby 

the  incomp“  tyT.LTo^darts“lnade"  “°deS’  ^  n°deS’  *°  iu 

A  second  refinement  of  the  high  stress  region  was  carried  out.  The  refinement  was  over 
a  muc  larger  area  which  included  longitudinal  and  tranverse  bulkheads.  The  model  was 

mTeSTRO/dTa3 t  1  Mf  Etf  R°/DSA  rd  then  merged  With  MAESTRO  model  using 
to  a  t™  ^0/  SA  l0Ca  \  he  maSt6r  n°deS  at  the  boundaries.  The  model  was  then  subjected 
a  top-down  analysis  m  the  same  manner  to  obtain  the  stresses  in  the  refined  portion. 

.  ,  ,  Rs  °f  the  three  analyses  are  compared  as  an  assessment  of  the  degree  of  refinements 

s'treT  a  g°0d  repreS6ntation  of  the  stres«  condition  in  a  region  of  high  localized 


2  MAESTRO  Model  of  the  Ship 


MAESTRO  El °  +m0del  °f  uhe  SWP  iS  Sh°Wn  in  FigUre  L  The  model  was  divided  into  three 
MAESTRO  substructures  as  illustrated  in  Figure  2.  The  first  was  from  the  stem  to  frame  34 

superstructure^  EaV  f  34  ‘°  *he  ^  The  third  Structure  was  til 

superstructure.  Each  of  the  substructures  was  divided  into  modules.  There  were  six  modules 

a  portiMome  Ilk,  d  T°’  “vt'  s“bstruct',rc  ,hr«'  Each  module  was  used  to  model 
The  mod, d  ^p  structure  witch  mamtained  approximately  tie  same  cross-section  slape 

e  modules  increased  or  decreased  linearly  in  overall  size  over  their  length  In  this  wav  modnlp* 
were  used  to  define  geometry  as  well  as  specific  components  such  as  ^rat7 

to  nToiT' lul“  Were  d!vidcd  “lo  strakes-  Thc  stretched  from  one  end  of  a  module 

in  FhcurfT  Thed  T  ”P  t  m°cdUie  Cross'sec,io11  “  sh<>»n  the  midslip  cross-section 
3\  Tke  strakes  were  of  uniform  plate  thickness  and,  as  in  this  case  had  unifomdv 
spaced  identical  longitudinal  stiffeners  smeared  into  the  strake  cross-section  to  give  an  eauivalent 
cross-sect, on  area.  The  strakes  resisted  in-plane  loads  but  no.  lateral loSrtS^^S? 

P^oSeTa^  b-amS  r"nniaS  ^  **  ^ ttrXldtl; 

prodded  axial  and  bending  stiffness  to  resist  m-plane  and  lateral  loads 

The  strakes  were  divided  along  their  length  by  uniformly  spaced  transverse  frames  Lonei 
tudmal  frame  divisions  are  called  sections  in  which  the  frames  are  modeld  i  be™  element 
resisting  both  axial  and  lateral  loads.  The  frame  cross-sections  were  constant  overTetuth  of 
a  strake  but  were  varied  as  required  from  strake  to  strake.  The  co-ordinated  teZfor  the  modd 
was  a  right  handed  system  with  the  X  axis  as  the  longitudinal  axis  of  the  sUp  Id 


at  the  forward  perpendicular.  The  Y  axis  was  the  vertical  axis  with  zero  at  the  keel.  The  Z 
axis  was  positive  to  port. 


2.1  Model  Loading 

The  load  case  applied  to  the  MAESTRO  model  was  an  8  metre  wave  ^ 

hogging  response  which  included  a  15-tonne  design  change  margin,  appendage  bouyancyth 
wight  curve  with  80-  tonne  design  and  construction  margin  and  a  hog  homontal  ac^kratm 
correction  This  data  was  translated  into  concentrated  loads  and  applied  to  the  MAESTRO 
element  nodes  at  the  frame  and  strake  edge  intersections.  The  weight  was  defined  at  eaph 
section  interval  where  it  was  distributed  uniformly  over  the  corresponding  cross-section.  The 
longitudini  distribution  of  the  loading  is  shown  in  Figure  4.  The  large  vectors  near  the  stern 
represent  the  bouyancy  of  the  propeller  shafting  and  the  propellers.  The  transverse  load  distri¬ 
bution  is  shown  in  Figure  5.  The  static  wave  balance  was  obtained  by  the  use  of  the  progra 

TRIM  [4]. 

2.2  Model  Boundary  Conditions 

The  boundary  conditions  applied  to  the  MAESTRO  model  were  located  to  obtain  a  positive 
definite  system  Ji.fi  an  little  reaction  force  an  possible  due  to  .fie  ^ 

boundary  conditions  are  shown  located  in  a  wire  drawing  of  the  model  in  Figur  . 

3  Results  of  the  MAESTRO  Analysis 

The  deflected  shape  resulting  from  the  loading  is  shown  in  Figure  7^ 

,  indicates  hogging  The  Von  Mises  element  stresses  m  the  main  decx  ana 

t^rsW^e "" 8.  A  high  stress  of  150  MPa  is  indicated  ta  the  region 
between  frames  28  and  29  in  the  deck  adjacent  to  the  diesel  intake  deck  house  Aienhu** 
view  with  the  deck  house  aft  of  frame  29  removed,  is  shown  m  Figure  9  for  a  better  appreciati 
of  this  stress  distribution  in  the  region.  A  cross-section  through  the  model  looking  forward  from 
frame  28.5  is  shown  in  Figure  10  to  illustrate  the  stress  condition  in  the  interior.  A  sun 

looking  aft  is  shown  in  Figure  11. 

4  Refined  Model  of  the  High  Stress  Region 

The  refined  model  of  the  high  stressed  region  was  created  using  the  detailed  stress  analysis 
modelling  capability  of  MAESTRO/DSA.  The  MAESTRO  beams  and  strake  panels  were  re- 
Ted  a^reXced  with  regular  VAST  elements.  The  MAESTRO  elements  that  were  replaced 
are  shown  in  Figure  12.  The  refined  portion  of  the  model  is  shown  separately  m  FlSur 
and  merged  with  the  MAESTRO  model  in  Figure  14.  The  quadrilateral  elements  are  y 
and  the  triangular  elements  are  red.  The  boundary  conditions  applied  to  the  mtoed^m^d 
nodes  coincident  with  the  MAESTRO  nodes,  and  nodes  slaved  to  them  at  the  MAES 
and  refined  model  interface,  are  shown  in  Figure  15.  In  accordance  with  top-down  precede 
displacements  obtained  from  the  previous  MAESTRO  hogging  load  analysis  were  applied 


coincident  boundary  nodes  at  the  interface  and  a  finite  element  analysis  of  the  refined  model 
was  performed. 

5  Results  of  the  Top-down  Analysis  with  the  Refined  Model 

The  finite  element  program  VAST,  which  forms  part  of  the  DSA  component  of  MAE- 
STRO/DSA,  was  used  to  obtain  the  results  of  the  analysis.  The  distortion  of  the  refined  model 
due  to  the  loading  is  shown  in  Figure  16.  The  element  stresses  obtained  are  shown  in  Fig¬ 
ure  17.  The  highest  Von  Mises  stress  increased  to  274  MPa  and  moved  to  the  side  of  the 
forward  deckhouse  at  frame  28  and  to  the  deck  at  frame  29. 

6  Externally  Generated  Refined  Model  of  the  High  Stress  Re¬ 
gion 

The  second  and  larger  and  more  structurally  accurate  refined  model  of  the  high  stress 
region,  extending  from  frame  26  to  frame  34,  was  created  outside  MAESTRO  using  the  mesh 
generating  program  HYPERMESH[5].  Regular  plate  and  beam  elements  from  the  VAST  library 
of  elements  were  used  for  the  model.  The  MAESTRO  elements  replaced  by  the  externally 
generated  model  are  shown  in  Figure  18.  The  MAESTRO  model  with  the  elements  removed 
can  be  seen  in  Figure  19.  The  refined  portion  is  shown  separately  in  Figure  20.  Because  it  was 
created  using  the  ship  drawings  rather  than  the  global  MAESTRO  model,  details  not  modelled 
in  the  MAESTRO  model,  such  as  the  the  hatches  on  the  port  and  starboard  of  the  forward 
deckhouse  were  included.  The  model  is  shown  merged  with  the  MAESTRO  model  in  Figure  21. 

As  in  the  case  of  the  refined  model,  boundary  conditions  were  applied  at  the  boundaries  at 
the  master  and  slave  nodes  as  shown  in  Figure  22.  Displacements  obtained  from  the  MAESTRO 
hogging  analysis  were  automatically  applied  to  the  coincident  boundary  nodes  at  the  interface 
between  the  MAESTRO  model  and  externally  generated  model.  A  finite  element  analysis  was 
then  performed  using  VAST. 

7  Results  of  the  Top-down  Analysis  with  the  Externally  Gen¬ 
erated  Model 

The  distortion  of  the  merged  MAESTRO  and  externally  generated  model,  from  the  hogging 
load  analysis,  is  shown  in  Figure  23.  A  fringe  plot  of  the  displacements  in  the  externally 
generated  model  is  shown  in  Figure  24.  For  comparison,  the  displacements  obtained  from  the 
MAESTRO  analysis  can  be  seen  in  Figure  25. 

The  resulting  von  Mises  element  stresses  are  shown  in  Figure  26.  Enlarged  views  of  the  high 
stresses  in  the  aft  deckhouse  are  shown  Figure  27  and  in  the  forward  deckhouse  in  Figure  28. 
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8  A  Comparison  of  the  Results  of  the  Three  Analyses 

The  displacements  from  the  MAESTRO  analysis  are  in  good  agreement  with  those  from 
the  top-down  analysis  with  the  externally  generated  model.  The  highest  Von  Mises  stress 
obtained  from  the  MAESTRO  analysis  was  150  MPa.  It  was  located  in  the  deck  between  the 
two  deckhouses.  When  the  structure  in  the  high  stress  region  was  refined,  the  highest  stress 
increased  to  274  MPa  and  moved  to  the  side  of  the  forward  deckhouse  at  approximately  frame 
28  and  to  the  deck  at  frame  29. 

The  more  structurally  accurate  externally  generated  model  showed  a  Von  Mises  stress  in¬ 
crease  to  352  MPa  in  the  side  of  the  aft  deckhouse  and  to  327  MPa  in  the  coaming  of  the  hatch 
in  the  forward  deckhouse.  A  summary  of  the  highest  stresses  is  given  in  Table  1. 


Table  1:  Comparison  of  the  Highest  Stresses  from  the  MAESTRO,  the  Refined,  and  the  Exter¬ 
nally  Generated  Model  Analyses 


Analysis 

Model 

Von  Mises  Stresses  (MPa) 

MAESTRO 

MAESTRO  Model 

150  in  plate 

Top-down 

Refined  Model 

274  in  plate 

Top-down 

Externally  Generated  Model 

352  in  plate 

9  Conclusions 

The  stresses  obtained  from  the  MAESTRO  analysis  were  shown  to  be  much  lower  than 
those  obtained  when  the  high  stress  region  was  refined  using  MAESTRO/DSA.  The  more 
detailed  externally  generated  model  showed  even  higher  stresses  and  indicated  new  high  stress 
locations  in  the  side  of  the  aft  deckhouse  and  in  the  coaming  around  the  hatch  opening  of  the 
forward  deckhouse.  The  results  show  that  it  is  important  to  investigate  regions  of  high  localized 
stress,  found  by  a  MAESTRO  analysis,  with  a  method  such  as  top-down  analysis.  This  allows 
reasonably  good  boundary  conditions,  obtained  from  the  MAESTRO  analysis,  to  be  applied  to 
a  refined  model  of  the  high  stress  region. 


4 


Figure  1:  The  MAESTRO  Model  of  the  Ship 
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Figure  2:  A  Schematic  of  the  MAESTRO  Model  Showing  the  Substructures  and  the  Modules 
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Figure  3:  Midship  Module  Cross-section  Showing  the  Location  of  the  Strakes  and  Nodes 
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Figure  4:  The  Longitudinal  Load  Distribution 
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Figure  7:  The  Deflected  Shape  of  the  Maestro  Model 
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Figure  8:  The  Von  Mises  Element  Stresses  in  the  Main  Deck  and  Superstructure 
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Figure  9:  An  Enlarged  View  of  the  High  Stress  Region  with  the  Aft  Structure  Removed 
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Figure  10:  A  Cross-section  View  Looking  Foreward  from  Frame  28.5  at  the  High  Stress  Region 
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Figure  13:  The  Refined  Portion  of  the  Model 
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Figure  14:  The  Refined  Portion  Merged  with  the  Maestro  Model 
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Figure  16:  The  Distortion  of  the  Refined  Portion  of  the  Model  due  to  the  Loading 
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STRESS  COMPONENTS 

LOAD  CASE  1 
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Figure  17:  The  Von  Mises  Element  Stresses  in  the  Refined  Portion  of  the  Model 
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Figure  18:  The  MAESTRO  Elements  Removed  to  Accept  the  Externally  Generated  Model 
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Figure  19:  The  MAESTRO  Model  with  the  Elements  Removed 
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Figure  20:  The  Externally  Generated  Model 
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Figure  21:  The  Externally  Generated  Model  Merged  with  the  Maestro  Model 


25 


Figure  22:  The  Boundary  Conditions  Applied  to  the  Externally  Generated  Model 
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Figure  23:  Distortion  of  the  Model  due  to  a  Hogging  Load 
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Figure  24:  A  Fringe  Plot  of  the  Displacements  of  the  Externally  Generated  Model 
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Figure  25:  A  Fringe  Plot  of  the  Displacements  of  the  MAESTRO  Model 
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Figure  26:  Von  Mises  Stresses 


Figure  27:  An  Enlarged  View  of  the  High  Stress  in  the  Aft  Deckhouse 
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Figure  28:  An  Enlarged  View  of  the  High  Stress  in  the  Forward  Deckhouse 
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